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ABSTRACT 

Cloud-cover pictures  taken with the Automatic Picture  Transmission system 

designed for  the Nimbus satell i te and experimentally tested on a TIROS satell i te,  

do not pass  through a central  prbcessing station. 

directly by the ultimate u s e r  f r o m  the satellite. 

data i n  the pictures (latitude-longitude grid) must be accomplished by the r ece ive r  

(user )  of the data or  must  be added to the video picture i n  the satellite. This r epor t  

contains the results of a study of the various methods by which the latitude-longitude 

g r id  can be added to the video picture on board the satellite. Both analog and digital 

approaches to onboard gridding were  considered. 

found feasible. 

on the ground, t ransmission of the gr id  line data to the satell i te for  storage,  and 

logic c i rcui t ry  to withdraw the data f r o m  memory  and electronically mix grid line 

marks  into the video during the picture scan. The approaches judged feasible a r e :  

( 1 )  straight-line method where the curved gr id  l ines a r e  approximated with s t ra ight  

line segments whose slope, length and initial coordinates are  t ransmit ted to the 

satell i te,  (2 )  coordinate method where the individual image plane coordinates of each 

m a r k  a r e  transmitted,  (3 )  slope-coordinate method where start ing coordinates and 

a slope range a r e  specified to reduce the information necessary to obtain the image 

plane coordinates of each mark. On the basis  of prel iminary designs,  the flight 

s y s t e m  weight and power requirement  is approximately 7-8 pounds and l e s s  than 

These pictures a r e  received 

Any geographic referencing of the 

Several  digital approaches were 

These approaches call  for  computer computation of the picture gr ids  

2 watts respectively. 

i i  



FORE WORD 

This r epor t  is a condensation of the Phase I Final Report  covering work pe r -  

Phase I of this  contract  was a study to de t e r -  formed under Contract NAS 5-9012. 
mine and compare the most practical  approaches to on-board gridding. 

complete t reatment  of the r e su l t s  of the study, the reader  is r e f e r r e d  to the unabridged 

Final Report .  

F o r  a more  
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SECTION 1 

INTRODUCTION 

1.1 GENERAL 

The Automatic Picture  Transmission (APT) system is designed to pe rmi t  

meteorological activities to obtain promptly, satell i te cloud pictures over a sub- 

stantial  a r e a .  

office, can receive pictures taken within a radius of over 1,000 miles .  

satell i te readout avoids the problems of r e -  t ransmission of pictures ,  elaborate 

communication equipment, degradation of pictorial  content, and "aging" of pe r i sh -  

able meteorological rlata in a complex communication and data handling network. 

A simple and inexpensive ground station, located in the meteorological 

This d i r ec t  

The APT c a m e r a  takes a snapshot, the image being retained on the s c r e e n  of 

a long pers is tence vidicon. 

the 800  l ine picture being scanned in 200 seconds. 

video signal is made f rom the satellite. 

within acquisition range, equipped with the appropriate receiving equipment. 

The television scan of this fixed image is ve ry  slow, 

A continuous broadcast  of the 

This broadcast  can be received by anyone, 

Geographic referencing (gridding) is now ca r r i ed  out by superposition of a 

Cor rec t  location of the overlay on the 
.I, 1. 

t r anspa ren t  overlay map on the picture.  

picture r equ i r e s  accurate  calculation of the satell i te position at picture t ime, 

using appropriate  ephemeris data. 

This  r e p o r t  summar izes  studies made of an  "on-board" gridding facility. 

Briefly,  the gr ids  a r e  computed in advance at a central  facility for pictures  to be 

taken at programmed t imes.  

a r e  t ransmit ted f r o m  a command and data acquisition facility to the spacecraft ,  

where they a r e  retained in a suitable memory. 

of each  APT picture,  a small  special  purpose computer on the spacecraf t  expands the 

g r id  p a r a m e t e r s  to a suitable f o r m  f o r  gridding. 
"blips1t a t  appropriate t imes which a r e  superposed on the transmitted signal. 

the picture  is formed on the ground, the blips fo rm a superposed latitude-longitude 

gr id .  

The gr id  parameters  a r e  coded in suitable f o r m  and 

During the scanning and t ransmission 

The on-board computer generates  

When 

:; Reference is made to the "APT Users '  Guide", AFCRL-63-655, June 1963 for a 
detailed description of APT gridding and antenna programming procedures.  

1-1 



Manual gridding and antenna tracking procedures current ly  in use  for APT 

In use,  they have proved to be effective and f a i r l y  

However, significant e r r o r s  (as l a rge  as 100 miles)  can occur due to 

were developed by ARACON. 

accurate .  

(1) the deliberately introduced e r r o r  in the map projection (necessary to reduce the 

number of overlay maps to a manageable file), (2)  difficulties in obtaining an accurate  

picture t ime,  ( 3 )  the inability of station operators  to cope with attitude variations as 

effectively as  a CDA computer -operation. 

Additionally, a significant amount of operator t ime is required to plot the 

satell i te track, der ive the antenna program, determine satell i te subpoint a t  picture 

t ime,  determine picture azimuth, find and superpose the proper map overlay on the 

picture ,  adjust for  apparent yaw e r r o r ,  and finally t r ace  the grid.  While we have 

not conducted t ime and motion studies,  i t  would appear that the operator has time 

for little besides a cup of coffee between p a s s e s ,  so  that for a 3-pass  day he may be 

tied up for some 250 minutes o r  over four hours .  

If the operator can be released by on-board gridding for  other weather station 

duties during this period, a significant manpower economy is possible. Multiplied 

by the potential number of APT stations in the world, which we wil l  conservatively 

take a t  200, a two hour saving becomes 400 hours  per  day. 

r a t e s ,  this approaches $500,000 annually. More importantly, i t  may make the 

cr i t ical  difference in establishing the economic feasibility of APT in marginal si tua- 

tions. 

for operator intercession to an  at t ract ive minimum. 

At U . S .  d i r ec t  labor 

A modicum of automation in antenna control could then reduce the requirement  

If nighttime DRIR (Direct readout 'high resolution infrared sys t em)  is added to 

the APT capability, an  on-board gridding sys t em would more  than double the labor 

saving mentioned above. Manual IR gridding has  proved to be extremely laborious,  

largely because of the nature of the projection a r i s ing  f rom the circular  scan of the 

HRIR instrument. A fixed IR gr id  can be used with the result ing projection only i f  

the recipients of the data a r e  willing to accept a completely a r b i t r a r y  s e t  of values 

f o r  the geographic gr id  l ines.  

referencing the IR data with video data and ea r th  geography. 

This would considerably complicate the task of c r o s s -  

There a re  other reasons to supplant manual methods of gridding a t  the receiv-  

The APT stations a r e  not able to receive te lemetry data f r o m  the satel-  ing station. 

l i tes .  

geographic referencing of the picture data.  

corrections in the picture gr id  for  rol l  and pitch e r r o r s  determined f rom attitude 

sensor outputs a t  the time of picture taking. 

has a good fix on picture t ime. 

As a result  they a r e  unable to c o r r e c t  f o r  the effects of attitude e r r o r  in the 

An on-board gridding system can make 

F u r t h e r ,  the ground operator seldom 

1-2 
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Although at present  a station operator must carefully s e t  antenna dr ive con- 

t ro l s  a s  a function of time, the satell i te tracking proc edure can be considerably 

simplified. 

gridding system in itself offers a method of simplifying the tracking procedures.  

Tracking data for  tomorrow's orbits can be included in  today's APT pictures  ( see  

Appendix A). 

ing procedures  will make the automatic picture t ransmission sys t em a t ruly 

"automatic" system. This would be especially beneficial to mil i tary o r  

commerc ia l  u s e r s  of the APT data who have l i t t le o r  no knowledge of satell i te 

tracking and data reduction procedures. 

Indeed, the capability for  line drawing and annotation of an  on-board 

The combination of an on-board gridding sys t em and simplified t r ack -  

If  the APT sys t em is to take its proper place in  the weather station as an  

operational tool providing weather data with as little attention required of the man 

in  the station as demanded by the weather facsimile devices, the manual procedures  

now mandatory must  be eliminated. 

g rea t e r  percentage of t ime consuming and e r r o r  inherent procedures now needed. 

An onboard gridding sys t em will eliminate the 

A variety of methods can be potentially applied to the task of on-board 

gridding; this r epor t  is a condensed study of advantages and disadvantages of each 

method. 

1 . 2  SYSTEM REQUIREMENTS 

The on-board gridding system, i f  practical ,  will be flown on future APT 

satellites. However, such a system is potentially useful on board any cloud cover 

observing satellite. In studying the possible approaches to on-board gridding, all 

constraints common to the meteorological satell i tes now in use o r  in active planning 

were  considered. 

between 400 and 800 nautical miles. 

will be ci rcular ,  consideration was given to the effects of elliptical orbits.  

study assumed the use of the present  APT c a m e r a  system, the 107O diagonal 

angular ape r tu re  forming the p r imary  constraint  for this system. 

A P T  sys t em pa rame te r s  were assumed. 

- 

The range of height for the meteorological satell i tes was fixed 

Although it is presumed that the satell i te orbi ts  

The 

The following 

1. P i c tu re s  p e r  orbit  10 to 15, dependent on height 

2. Field of view 107O diagonal 

3. Number of l ines per  f rame 800 

4. Number of elements pe r  line 7 84 
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5. F rame  ra t e  208 seconds 

6. F r a m e  scanning t ime 200 seconds 

7. Line r a t e  250 mill iseconds / l ine 

8. Exposure t ime 40 milliseconds 

The latitude -longitude l ines may be represented by discontinuous gr id  marks.  

Maximum spacing between gr id  marks  called for  in  the original specification is one 

percent  of the side dimension i n  e i ther  X o r  Y displacement on the picture plane. 

The shape of the gr id  marks  was specified a s  two black followed by three  white 

picture elements,  one line thick. 

picture to allow the data u s e r  to readily identify the gr id  lines. 

a s  initially specified is as follows: 

Latitude spacing on picture  

Some fo rm of annotation i s  to  be included in  the 

The gr id  spacing 

a. 

b. 

2 O  f rom 0-70° latitude north and south. 

4 O  f rom >70° latitude north and south. 

Longitude spacing on picture 

a. 

b. 

c. 

d. 

2 O  f rom 0-40° latitude north and south. 

4O f rom 40-70° latitude north and south. 

8 O  f rom 70-82O latitude north and south. 
40° f r o m  >8z0 latitude north and south. 

The maximum e r r o r  of gr id  marks  i s  to be no g rea t e r  than one percent.  

The e r r o r  i s  defined: 

Pt - P 
e =  a (100) 

S 

where 

e - percent e r r o r  

Pt - true gr id  point 

Pa - actual gr id  m a r k  

s 

It is assumed that the time of picture  taking is known in advance. 

- side dimension of picture  
It  is a l so  

assumed that the approximate satell i te attitude for the t ime of picture  taking will be 

known. In particular for Nimbus, which i s  actively controlled i n  all  th ree  of its 

axes ,  the attitude should be constant. 
f icient to cause some e r r o r  in APT picture location. Consequently, an on-board 

gridding system should be capable of including the possibility of gr id  correct ions 

f r o m  on-board attitude senso r s .  

However, the remaining e r r o r  may be suf- 
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Computers a r e  available in the ground stations for  computation of the picture 

gr ids .  However, an important constraint is that the computational t ime be shor t  to 

avoid interfering with the station operations normally assigned to these computers.  

Since a possibility of using the existing command channel of the Nimbus 

satell i te exis ts ,  the capabilities of the command channel fo rm a pa r t  of the specifica- 

tions. Command receiver  specifications a r e :  

F r e  que nc y 

Bandwidth 

S I N  ratio 

149 Mc 

40 kc, i. f. 

17 dB at 20 kc bandwidth of rec iver  output, 

worst cas  e 

Finally,  the cost  of an on-board gridding system is a constraint;  it must be 

commensurate  with the advantages gained. 

1.3 APPROACHES CONSIDERED 

A number of analog schemes were studied. These included sys tems which 

optically add the gr id  to the video picture and sys tems in  which the grid,  s tored 
on board the satell i te,  is scanned and mixed with the signal during t ransmission.  
Some of the forms  of gr id  s torage considered were: 

1. 

2. 

3. 

Storage of the picture gr id  on continuously advancing film s t r ips .  

Storage of the picture gr id  on a cylinder. 

Storage of the picture gr id  on a sphere.  

Digital approaches to on-board gridding a re :  

1. Ellipse Method - In the ellipse method the coefficients of the ell ipses can 

be t ransmit ted and s tored  in  the satellite. 

the coordinates of the ellipse section can be computed f rom the s tore& coefficient 

and mixed with the picture.  

At the t ime of t ransmission of the picture ,  

2. Straight Line Method - In the ground station computer the latitude- 

longitude l ines can be fi t ted with straight line segments res t r ic ted  to the specified 

maximum e r r o r .  

represent ing the scan l ines and 800 X coordinates representing the elements of the 

The picture plane can be represented by 800 Y coordinates 
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scan  lines. 

t ransmit ted and stored. 

f r o m  the main memory and compared with the scanning of the picture  to  mix in gr id  

marks  a t  the proper  locations a s  the picture is  scanned for t ransmission.  

AX of thc slope i s  added to the previous m a r k  coordinate to locate the next mark.  

The initial Y coordinate of the following line segment  can be used to terminate  the 

previous line segment. This method will allow many coordinates to be plotted with 

only moderate memory since the initial coordinates plus the slope will only take a s  

much memory a s  two s e t s  of coordinates but may plot out many points. 

The initial coordinates and the slope of the line segments  a r e  then 

The information for  a par t icular  section is then extracted 

The 

3 .  Coordinate Method - All  the coordinates of the points of the gr id  l ines 

can be transmitted and stored. On picture t ransmiss ion  the points a r e  mixed with 

the picture. Storing a l l  the points would take a ra ther  la rge  memory; however, by 
reducing the number of possible coordinates,  within the restr ic t ion of the given 

maximum e r r o r ,  the memory may be reduced to  a feasible s ize  while not degrading 

the gr id  lines excessively. 

A block d iagram showing the basic e lements  common to all the digital 

approaches appears i n  F igure  1-1. 

1 . 4  SCOPE O F  EFFORT 

At the beginning of the study, all of the approaches l is ted above were  briefly 

analyzed to permit  dropping those approaches which were  obviously impract ical .  

Rough designs were done for  those approaches which showed any promise.  Two of 

the digital approaches,  the s t ra ight  line method and the coordinate method, appeared 

to be practical. 

methods to allow the determination of the following parameters .  

Fa i r ly  detailed sys t em designs were  completed for each of these 

a. Storage requirements .  

b. 

c. 

d. Weight and volume. 

e. Interface requirements  . 
f. Communications channel requirements .  

g .  CDA station computer requirements .  

E r r o r  tolerance and sys tem reliability. 

Instantaneous and average power requirements .  
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1 . 5  REPORT TERMINOLOGY 

Some of the nomenclature used in  this r epor t  is  often ambiguous; e. g. , line 

is commonly used for a television sweep and is easi ly  confused with g r id  line. 

Hence, the following t e r m s  a r e  defined a s  they will be used in  this report .  

1. Coordinate - r e fe r s  to the location of an element on the 800 x 800 element  
picture.  

2. Mesh - the se t  of points of a par t icular  defined coordinate subsystem. 
More specifically, a s e t  of points lying on an  a r r a y  of perpendicular equally spaced 

lines. 

The mesh line spacing is specified by n, which i s  the number of picture e lements  
between mesh  lines. 

The horizontal l ines of the mesh  a r e  para l le l  to the APT horizontal  sweeps. 

3. Picture  e lement  - conventional definition in  common use  for  television. 
F o r  the APT sys tem there  a r e  800 x 800 picture  e lements  i n  a single picture. 

4. 

5 .  

Sweep - a s  in  conventional television terminology. 

Grid - the s e t  of meridian and paral le ls  to be superimposed on a 

par t icu lar  APT picture. 

6. Mark (gr id  mark)  - a pat tern consisting of five coded adjacent e lements  

on a single sweep, specified to  be three  black followed by two white picture  e lements ,  

one l ine thick. 

7. Line - a s e t  of marks  approximating a meridian,  paral le l ,  a r row,  o r  
alphanumeric charac te r  i n  the APT pictures.  

8.  K - the number of picture el.ements between Successive marks  of a 

mode 0 l ine o r  the number of sweeps separating marks  of a ~-110de 1 line. 

9. Mode 

sweep such that 

10. Mode 

sweep such that 

11. Mesh 

0 l ine - a g r id  l ine which makes  an  intersect ion angle 8 with a 

oo - < e 45O.  - 
1 line - a gr id  l ine which makes  a n  intersect ion angle 8 with a 

45O < 8 < 90°. - -  - - 
interval  - a distance along a mesh  line of n picture  elements.  The 

mesh  intervals a r e  a s e t  of allowable m a r k  locations.  

1.2. Zone - an  equalized group of contiguous horizontal  sweeps in  a picture  

which divides the picture f o r  purposes  of f requent  resynchronization in case  of 

e r r o r s .  
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1 . 6  SUMMARY AND RECOMMENDATIONS 

None of the analog approaches to  on-board gridding a r e  considered pract ical  

relative to the digital approaches f o r  the following reasons.  

1. A flexible analog sys tem contains most  of the elements of any of the 

digital sys tems - data channel (demodulator, synchronizer,  e r r o r  detection c i r  - 
cui t ry) ,  memory (s torage  of data for  correction of orbit  and picture parameter  

e r r o r s ) ,  and logic c i rcui t ry  to compensate f o r  attitude, orbi t  and APT parameter  

e r r o r s .  The additional equipment needed for the analog sys tems - lens or  scanner ,  

gr id  s torage medium, servo  controls - places the analog s y s t e m  at  a severe  weight 

disadvantage when compared to the digital approaches. 

2. The reliability of the electromechanical analog approaches is inherently 

lower. 

3 .  The spacecraf t  on which an on-board gridding sys tem is useful (Nimbus- 

The motion compensation required com-  TIROS) a r e  sensit ive to internal motions. 

plicates design and produces fur ther  weight penalties. 

4. Optical mixing approaches require modification of the mechanical (and 

preferably the optical) portions of the APT system. 

coverage of the APT lens (107O) complicates the optical design for  introducing the 

The extremely wide angular 

v.4 yaL....Av r f , , r a  gr id  into the camera  focal plane. 

5 .  Annotation (for gr id  line referencing) is difficult to accomplish unless an  

annotated gr id  of the ent i re  ear th  is stored. 

l ines can produce alphanumeric characters  with relative ease.  

Digital approaches which draw grid 

Consideration was given to the use of the Nimbus P C M  recorder  (stored-A) 
This would permi t  a substantial savings i n  weight. for the s torage of the gr id  data. 

However, this approach was dropped due to the nature of the interface and the loss 

of the ability to produce a "standard package" useful on any meteorological satell i te.  

Severa l  approaches to on-board gridding appear promising. These a r e  the 

s t ra ight  l ine method, the coordinate method and a modification of the coordinate 

method which uti l izes slope prediction and s torage to reduce the amount of data 

necessary  to specify the locations of the individual gr id  marks .  

All of the approaches judged promising can be accomplished with a flight 

sys t em weight in  the 6.  5 to 9 l b  range and an average power requirement of l e s s  

than 2 watts. 

designs for  each method. 

gr id  appearance and anticipated updata communications channel e r r o r s  as summar ized  

in Section 4. A simulated gr id ,  character is t ic  of the coordinate method, appears  in  

F igure  1-2. 

These est imates  were obtained by preparing fairly detailed prel iminary 

The final choice of the sys tem design is  dependent on 
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Fig .  1 - 2  Simulated Gr id  K = 8 
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The digital methods require  that picture t imes be predictable. Although 

timing problems have been experienced with TIROS satell i tes i n  the past ,  this 

problem will certainly not p e r s i s t  as there a r e  no fundamental obstacles to obtain- 

ing predictable shutter times. As a safeguard, the individual picture gr ids ,  s tored  

in the satell i te memory,  could very  well be tagged with the t imes for  which they 

were  computed. These t imes could be compared to a n  external o r  gr id-system- 

contained clock to insure that a gr id  is superimposed on a picture only i f  the shut ter  

i s  tr ipped a t  the predicted time. 
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SECTION 2 

GRIDDING REQUIREMENTS 

2 . 1  GRID LINE SPACING 

The initial specification for gr id  line spacing is a s  follows: 

Latitude spacing on picture 

a. 

b. 

2 O  f rom 0-70° latitude, north and south 

4 O  f rom >70° north and south 

Longitude spacing on picture 

a. 

b. 

c.  

d. 

2' f rom 0-40° latitude, north and south 

4' f rom 40-70° latitude, north and south 

8O f rom 70-82O latitude, north and south 

40° f rom >82O latitude, north and south. 

If this spacing were maintained for  the complete height range of the satel l i tes  

(400-800 nm. ) ,pictures taken at the higher altitudes would be virtually obscured by 

the gr id  l ines .  

above for  a height of 800nm. It i s  obvious that the gr id  line spacing must  be ei ther  a 

IuriLLlull ui dititude or  i f  i t  i s  to remain constant, i t  must  be made l a rge r  than specified 

above. 

Figure 2-1 shows a picture gr id  with a basic Lo intervai as suggested 

The problem of gr id  line spacing has been previously examined in some detail .  

P ic ture  data  f r o m  the APT system will often be manually t ransfer red  to a base map. 

Widger and Glaser  have shown that these base maps a r e  a lmost  universally graduated 

in 5 O  intervals ,  

ex t remely  laborious.  

* -r 
making the t ransfer  from a 2 O  gridded picture to a standard map 

F o r  these reasons we suggest the following gr id  spacing: 

Latitude : 5 O  throughout 

Longitude: 5O - equator to 60' latitude 

loo  - 60' to 75O latitude 

:: Widger, W . K . ,  J r . ,  and A.H. Glaser ,  1963: A Rationale for Geographic Referenc-  
ing of Meteorological Satellite Data, Technical Report  No. 1, 
1204, ARACON Geophysics Company. 

Contract No. NAS 5-  
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Fig. 2 - 1  Grid  W i t h  2 O  Spacing for 800 NM Orbit 
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I 
I. 

I -  

20° - 75O to 85O latitude 

40° - 85O latitude to pole. 

This has the additional advantage of maintaining a uniform spacing throughout 

the vast  majority of the habitable regions of the world. 

An appreciation f o r  the appearance of the gr id  lines as  they would appear in the 

pictures a s  a function of altitude can be attained by superimposing the camera  a p e r -  
t u re s  shown in Figure 2-3 onto the OEC map of Figure 2-2.  

tained in the pocket attached to the r e a r  of this r epor t . )  

(The apertures  a r e  con- 

It is our recommendation that the 5' grid be universally used regardless  of 

altitude. 

low alt i tudes,  we would recommend that the basic 5' grid be maintained but that 

2 1/2O l ines ,  identifiable as  such, be added between 5 O  l ines in the picture. 

s t i l l  pe rmi t  correlation of the grid and base map lines to be obtained easily.  

2 1/2O grid is used, it is recommended that i t  be r e se rved  for altitudes of <500 nm.  

Should strong objections to the 5O grid interval occur for pictures taken a t  

This wi l l  

If the 

2 . 2  GRID LINE REFERENCING 

The gr id  l ines appearing in the picture must be somehow referenced to enable the 

latitude and longitude identification of the l ines .  

place a north a r r o w  a t  one of the grid line intersections whose latitude, longitude 

coordinates a r e  sent with the picture. 

In the past ,  i t  has been common to 

It would certainly be desirable to maintain this 

method 0; g L  L,, A ,I,, -..-L6 - - -  _ _ _  r-- *L- _ _ _ _  -- _ _ _  l.-=-A - - n x r c t a m  A l n h a n r r m p r i c  characters 

must be superimposed upon the pictures along with the grid lines to identify the co- 

ordinates of the north a r r o w .  

o r  longitude l ines a r e  visible in the pictures even a t  an altitude of 400 nm.  Thus, the 

north a r r o w  could always be placed a t  a latitude o r  longitude line which i s  an  integral  

multiple of loo. 
t e rs .  N o r  S (+ o r  - )  and one decimal character will suffice to identify the latitude of 

the north a r r o w  and two decimal characters  will identify the e a s t  or  west longitude of 

the north a r r o w ,  

With the basic 5O grid proposed, a t  l eas t  two latitude 

This enables the lines to be identified with four alphanumeric charac-  

The ease  with which the alphanumeric cha rac t e r s  can be generated in an  on- 

board gridding system is  highly dependent upon the type of system chosen. 

reason,  a second al ternate  scheme of grid line referencing is proposed. 

can be placed a t  fixed latitude and longitude intersections.  

mus t  be visible in any picture which might be taken. 

a r r o w s  on a global map must be such that a data analyst  cannot confuse two sections 

For  this 

North a r r o w s  

At leas t  one north a r r o w  

The arrangement  of the north 
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Fig .  2 - 3  OEC Map Coverage as a Function of 
Satellite Height 
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of the globe over a wide enough band of latitude and longitude to preclude e r r o r .  

Preferab ly  a single fixed catalog of a r rows  would be employed for all alt i tudes.  

suggested arrangement  of north a r rows  is shown in Figure 2-4. 

ment of a r rows  depicted in Figure 2-4 an analyst  must make an e r r o r  of l o o  in both 

latitude and longitude o r  20° in one of the coordinates in o rde r  to incorrect ly  identify 

the l ines .  

the satell i te orbit  in order  to operate the ground station ( t rack  the satel l i te)  it is  

extremely unlikely that he can make this la rge  an e r r o r .  

incor rec t  latitude guess .  

To make a l o o  e r r o r  in latitude, the est imate  of picture t ime must  be a lmost  three 

minutes in e r r o r .  Since it is unlikely that this la rge  an e r r o r  in picture t ime will be 

made, the fixed catalog of north a r rows  shown in Figure 2-4 should suffice to enable 

e r r o r  - f ree  grid-line identification. 

A 

With the a r r ange -  

Since any receiver  of the A P T  data must have a f a i r l y  accurate  es t imate  of 

His most likely e r r o r  is an 

Latitude of the pictures is  p r imar i ly  a function of t ime.  

The identification of gr id  l ines through superimposed alphanumeric annotation 

is certainly superior to identification of gr id  l ines through a fixed catalog of north 

a r rows .  The alphanumeric picture annotation provides a permanent  record  of the 

gr id  l ine coordinates. 

will be the deciding factors .  

However, the relative cost  and reliabil i ty of the two approaches 

2.3 NUMBER O F  PICTURES PER ORBIT 

The number of pictures  which must  be gridded during a single orbi t  i s  a function 

of satell i te altitude. 

ing the number of pictures . )  

sible number of pictures per orbit .  

which would be taken if  picture overlap is minimized. 

number of pictures per  orbi t  which might be taken to avoid excessive picture overlap.  

(The 208 second prepare-expose-scan cycle is the factor l imi t -  

The third column of Table 2-1 lists the maximum pos-  

The fourth column l i s t s  the number of pictures  

The fifth column gives the 

The l a s t  column of Table 2-1 i s  the product of p ic tures /orb i t  x ear th  angular 

coverage. 

which must  be superimposed on the APT pictures .  

This product indicates the relative number of gr id  l ines  o r  gr id  line marks  

2 -6 



50 

40' 

30 

20 

I oa 

Fig.2-4 Suggested Locations of Fixed North Arrows 
for  Grid Line Referencing 

60' 

500 

40° 

50° 

ZOO 

O0 

EO. 

2 - 7  



a 

a, a 
2 
c, 
.d c, 

2 

k 

c, 
V 

5 

ii 
W 
0 
k 
a, e 
E 
2 

L1 

6 
Q, 
4 

* 
4 

M 

M 
4 

M 

4 
4 

ln 

M 
4 

0 
0 * 

co co 
N 

In 
4 

In 

0 
4 

6 

4 
4 

N 

6 
4 

0 
0 m 

4 

0 
M 

N 
4 

N 

t- 

4 

9' 
4 

4 

ln 
N 

0 
0 
t- 

v m 
N 

0 
4 

4 

9 

9 

s' 
4 

* 
6 
N 

0 
0 
Q, 

rn 

a 
k 
5 
V 

a 
c, 

.r( 

a 
B 
M 
F 

.r( +I 

V a 
m 
2 
a 
F 
rd 
c, 

.r( 
r: 
0 a 
4 
d a 
V 
F 

.r( 

.r( 

k a 
P) 
k 
3 
V 
CI 

.r( a 

B 

a 
V 
4 

k 
V 

.r( 

c, 
rd a 
k 
0 

2-8  



SECTION 3 

DIGITAL APPROACHES TO ON-BOARD GRIDDING 

3 . 1  STRAIGHT LINE METHOD 

The straight line methods approximate the curved lines of the geographic grid 

by a sequence of straight l ines.  

as  possible,  subject to the limitation of a maximum one percent e r r o r ,  to minimize the 

number of line segments and hence the required data transmission to the satell i te.  

Each line segment can be character ized by its initial start ing coordinates and a slope. 

If we a r e  to have the longest possible line segments, the tolerable one percent e r r o r  

should r ep resen t  pr imari ly  the deviation of the curved true gr id  line f rom the s t ra ight  

l ine.  To obtain this condition the initial coordinates and slope of the line should be 

represented with the highest precision with which it is possible to plot the points in 

the picture .  

distaiice in the 4 P T  picture,  

segment a r e  specified with ten bit precision. 

by the number of picture elements along a sweep (AX), the range of slope encountered 

would be - (nearly horizontal line) to 800 (nearly vertical  l ine).  

notation sys t em,  a total of 20 bits would be required to achieve this range of slope. 

a l ternate  manner of specifying slope is depicted in Figure 3-1. 

intersection with the TV sweep of <45O (mode 0)  a r e  characterized by the increment 

in Y for  Lines which make an angle of intersection with the 

TV sweep which is >45O(mode 1)  a r e  characterized by the AX corresponding to a bY of 

K sweeps.  

with a total  of 12 bits,  one for  the mode, one for the slope (positive sloping lines have 

a A X  component in the sweep direction for increasing Y), and 10 for the 4 X  o r  AY. 

In general  the line segments should be made a s  long 

A single picture element is considered to be the sma l l e s t  resolvable 

Thus the initial X ,  Y coordinates for the s t a r t  of a line 

If the slope of a line were characterized 

In a fixed point 
8 0 0  

An 

Lines which make an 

AX = K (mark  spacing). 

0 If we ignore the perfect  45 line, the slope of any line can then be specified 

The most  promising straight line system (SL-2), employs two separate  fixed 

meshes ,  one f o r  each line mode. 

spaced a p a r t  K picture elements.  

a single picture element (sweep). 

p e r m i t s  the mode 0 line segment words to be cycled through the calculation logic in 
a t ime interval  corresponding to K picture elements.  Points for mode 1 l ines see  

F igu re  3-2b) a r e  plotted on a mesh  whose ver t ical  lines a r e  spaced a p a r t  a single 

F o r  mode 0 lines the ver t ical  l ines of the mesh a r e  

The horizontal lines of the mesh a r e  spaced a p a r t  

See Figure 3-2a. The horizontal mesh spacing 
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Fig. 3 -  1 Slope Specification 
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picture element, and whose horizontal l ines a r e  spaced a p a r t  K sweeps. 

these fixed meshes for plotting allows any line to be marked a t  intervals of K picture 

e lements .  The direction in which the m a r k  spacing (horizontal or  ver t ical)  equals K 

i s  determined by the mode. 

with single picture element precision as can be seen f rom examining the m a r k s  for 

the grid lines of Figure 3-2. 

The use of 

The use of these meshes also pe rmi t  marks  to be plotted 

A block diagram of the system appears  in Figure 3-3. The gr id  line data 

transmitted from the CDA station i s  stored in a thin film o r  magnetic co re  memory. 

When the picture taking sequence is initiated, the Y portion of the word for the first  

line segment is  compared to a line counter. When the APT sweep reaches the value 

of the Y-coordinate of the start ing point of the line segment, the word is t r ans fe r r ed  

f rom the main storage to a circulating delay line s torage.  

wil l  contain all the line segment data in process  a t  any given time. 

cycles a t  a rate sufficient to present  all the line segment words to the calculation logic 

in the t ime interval which corresponds to the distance between mesh  l ines (allowable 

grid mark  locations). 

to determine if a mark  should be made before each new mesh  intersection is reached. 

The delay line storage 

The delay line 

Each line segment word is examined by the calculation logic 

The maximum number of line segments which must  be handled by the buffer a t  

any one t ime (number of line segments intersected by a single sweep) is 17 for the 

most dense grid corresponding to an 800 nm.  altitude. 

of north a r r o w  annotation, this number i s  increased to 23. 

requirement  f o r  the delay line of approximately 900 bi ts ,  to be cycled every 2 112 

milliseconds for K = 8. 

qualified delay l ines.  

If we include the possibility 

This resu l t s  in a s torage 

This figure is entirely pract ical  for  present  day aerospace 

3.2 COORDINATE METHODS 

3.2.  1 Full X-Address Svstem CM-1A 

The coordinate method r equ i r e s  new information for each mark  plotted to 

approximate a grid line. 

storage.  

calculation to offset  the increased storage requirement .  

Consequently, the coordinate approach is not economical of 

However, i t  can offer  sufficient dec rease  in logic complexity for mark  

The number of marks  needed to produce the gr id  l ines in the APT pictures  i s  

dependent on the mark  spacing, the method of picture annotation, and the spacing 

of the latitude longitude l ines.  
0 

We will a s s u m e  that the 5 gr id  spacing recommended 
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for  the straight line system is  adopted for the coordinate method. 

gr id  l ines for the 5O grid f o r  an 800 nm. , 10 picture orbit ,  the equivalent of 156 

straight,horizontal o r  vertical  lines completely crossing the picture,  i s  produced. 

The equivalent of two more  complete l ines is required to produce the north a r r o w s  

in the picture. 

that of the grid l ines,  the equivalent of four additional complete l ines is required,  

for a total of 160 l ines.  

In drawing the 

If we a s sume  that the m a r k  density of the north a r r o w  lines is twice 

In one promising coordinate system approach (CM- lA) ,  the horizontal (X- 
The word coordinate) address of each grid mark  is transmitted to the satell i te.  

length for  each horizontal addres s  is 8 bits i f  marks  a r e  r e s t r i c t ed  to a mesh  

specified by n = 4. 

e lements ,  approximately 80 ,000  bits mus t  be stored in the satell i te.  

a r e  separated by mesh line (allowable sweep line) through detecting a dec rease  in 

the X-coordinate values. The horizontal coordinate values for each new mark  in-  

c r e a s e  until a new line is begun. 

a "false1' end of line mark  is added to the sequence of addres ses .  

To plot a total of 160 l ines with a m a r k  spacing (K) of 16 picture 

The addres ses  

F o r  those cases  in which this condition is violated, 

The logic c i rcui t ry  needed for the CM-1A approach is ve ry  straightforward. 

Words a r e  sequentially withdrawn f rom memory  and compared to a horizontal beam 

position counter. Each time equality is detected] a mark  command is generated and 

a new word is withdrawn f rom memory .  

3 . 2 . 2  hlark Plotting through a Combination of Slope and Coordinate 
Sp e c if  ica  tion 

To minimize the amount of data t ransmission to the satell i te,  we should t r y  to 

send only that pa r t  of a m a r k  coordinate specification which r ep resen t s  new informa- 

tion, and add some memory  capability to the gridding sys t em so that cr i t ical  p a r t s  

of the data for past  events can be retained. 

consist  in having the data for the marks  on a new TY line consist  only of the changes 

in the coordinate of the grid l ines current ly  being mixed into the pictures.  Consider 

the potential points a t  which a mark  of a grid line can be placed relative to the las t  

mark  for  the grid line. 

ver t ical  - -  depending on the slope) and a mesh  n = 4, the potential points a t  which a 

new mark  can occur a r e  shown in Figure 3-4a. The number of allowable new posi- 

tions is 16. With a four-bi t  code we can then specify the next m a r k  position for the 

gr id  line if  we modify the las t  m a r k  coordinates in accordance with the code. If we 

A n  implementation of this approach might 

F o r  a mark  spacing of 16 picture elements (horizontal o r  
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maintain mark position r eg i s t e r s ,  one for each line in p rocess ,  we can then specify 

the changes in the m a r k  positions f rom a s to re  of 32, 000 bits (8,000 marks ) .  How- 
e v e r ,  in making our choice of the next coordinate for a gr id  line in this manner,  we 

have not utilized any information about the line other than the coordinates of the l a s t  

mark  laid down. Grid lines a r e  quite regular and predictable. We could then, divide 

the grid lines into two broad categories,  a s  shown in Figure 3-4b, and r a r e l y  would 

we be required to change categories in the course of drawing out the grid line on the 

picture.  

m a r k  word to 3 bits (while retaining an  additional bit for each line in a buffer memory) .  

Carrying this technique to its ultimate, we divide the 16 potential new mark  positions 
into 16 categories o r  s ec to r s  of l o o  average (Fig.  3-4c) and end up requiring a single 

bit for each new mark  position for a grid line, since only two potential mark  posi-  

tions a r e  allowed for a given sector .  

Taking advantage of the regularity of the l ines has  thus reduced each new 

A sector actually defines a slope band. The grid l ines must be broken into 

segments,  where each segment i s  contained in one of the slope bands. 

drawing a t  the top of Figure 3 -  5 ,  and consider a line segment whose slope s t a r t s  

a t  Oo and ends a t  14O. 

position 1 (Fig .  3 -  5 )  relative to the preceding m a r k  where the slope of the seg-  

ment is zero.  

points 1 and 2 ,  and when the segment slope approaches 14 
wil l  occur a t  point 2 relative to each preceding mark .  

required for this method of marking is l isted in  Figure 3-5. 

can be plotted with a data requirement averaging 3 bits pe r  mark.  

Examine the 

This segment will be plotted by a sequence of marks  occupying 

A s  the slope inc reases ,  the new m a r k  position will oscil late between 
0 the new mark  positions 

The basic logic and the data 

We can s e e  that 10 m a r k s  

To ascer ta in  the practicali ty of this approach, the number of sector  changes 

experienced in drawing grid l ines was approximately determined for the 800 nm.  

orbi t .  

is in the vicinity of 300. 

limitation, we shall pursue the total storage requirement  for this technique. 

0 For  the recommended basic 5 grid interval ,  the number of sector  changes 

Since this f igure does not appear  to impose any se r ious  

Note that Figure 3- 4 c includes point 1 7 ,  even though this position cannot be 

marked unless computed prior to the vidicon's sweep circui ts  arr iving a t  the p r e -  

vious mark  position. 

segment,  in combination with the individual m a r k  words,  until the slope of the line 

changes enough to move the line marks  into a new sec to r .  

divided into segments, as  in the straight line s y s t e m ,  but the line segments a r e  not 

required to be s t ra ight .  

A four bit sector  code can be used for the marks  on a line 

We then have the l ines 

The initial coordinates of each segment must be specified 

3-8 



6 
n) 

II 

I 

a 
0 
C 
2i 
E 
0 u 

m 
I 

rn 

a, 
k 

3 - 9  



along with the sector  code. 

needed to terminate l ines in mid-picture.  

end (mid-picture) a line segment. 

The sector  code is 4 bits long and a fifth ( e r a s e )  bit is 

This yields a total of 21 bits to s t a r t  o r  

F o r  an 800 nm. - 10 picture orbi t ,  approximately 250 line s t a r t s ,  54 termina-  

t ions,  and 278 sector  changes occur for a bit total of 12,306. 

bits for the 1 bit mark  words, the total memory  requirement for  the gr id  lines is 

approximately 2 1, 300 bits.  

Adding to this the 8 , 0 0 0  

The CM-2 approach appears  to offer a much lower storage requirement  than 

the s t ra ight  coordinate methods, while producing better looking l ines with s impler  

logic when compared to the straight-l ine method. 

A drawback to the slope-coordinate method is the requirement  for diss imilar  

word lengths (1 bit mark  words and 21 bit segment words).  

i nc rease  susceptibility to e r r o r .  

This requirement  wil l  

Two versions of a slope-coordinate (CM-2) approach were investigated. CM-2L 

operates  with a low calculation speed ( less  than 5 kc and employs a co re  buffer). 

CM-2H is a high speed design employing an equipment configuration s imilar  to SL-2. 

3.3.1 Numeral Generation 

The generation of numerals  on the picture to identify selected latitude and 

longitude grid lines can require  the use of additional logic which is separate  f r o m  

the calculation logic used for generating marks  for the grid l ines .  In the coordinate 

method, the annotation data a r e  included with the gr id  data,  but numera l  marks  will 

appear only m mesh sweeps unless more  equipment is  added. 

needed to make marks  along the sweeps between meshes  i f  i t  is desired to produce 

more  attractive numerals .  

Figure 3-6. 

Ex t r a  storage i s  

Examples of both types of numerals  a r e  given in 

3. 3. 2 Satellite Orientation Corrections 

3.3.2.1 Coordinate Methods, Orientation Correction 

In thc CM-1A approach, the correct ions f o r  pitch and rol l  a r e  made r a the r  

easily.  

sweep a r e  incorrect.  

The detection of a rol l  e r r o r  k-dicates that the mark  locations along a mesh  

The roll  e r r o r  is  sampled a t  the t ime the picture is taken. 
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( a )  

( a )  Numeral with marks along every fourth sweep 

( b )  Numeral with marks along every sweep 

FROM DVAN CONTROLS, INC. DRWO 2177-4010 

Fig. 3 -  6 Numeral Appearance 
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F o r  the case of the full add res s  coordinate method, the correct ion must  be added 

to each address  word. 

just  following the output of the memory ,  which i s  activated each t ime an addres s  

word is selected. 

This can be implemented by the insertion of a full adder  

An alternate roll  correct ion method i s  to shift the t ime axis  by presett ing 

(up or  down) the X mesh  interval counter. 

Both methods, although in many ways easy to operate ,  allow a whole c l a s s  of 

points that cannot be put on the picture to reach the calculation logic, and a com-  

par ison must be made to allow the memory  to advance to the proper location as each 

sweep is changed. 

Correction for pitch can be made s imilar ly  by delaying o r  advancing the count 

of the Y interval counter. 

that for the mesh interval rol l  correction as sweeps which a r e  shifted off the picture 

due to a forward pitch a r e  covered by the methods already descr ibed,  that i s ,  they 

a r e  rejected.  Sweeps that a r e  shifted off the picture by backwards pitch would not 

be plotted since they would not leave memory until after the ver t ical  sweep had been 

terminated. 

rected picture would be wiped out when the synchronizing system automatically seeks  

the s t a r t  of the next picture. 

The consequences of this situation a r e  not as seve re  as 

Sweeps that may be "left over" in the memory  following a pitch c o r -  

In the slope-coordinate system, portions of line segments cannot be dropped 

without upsetting the operation of matching mark  words to segments.  

can be remedied by prohibiting grid line marks  within 3.570 of the picture bo rde r s .  

F o r  this condition, marks  would not move out of the bo rde r s  for a 3 O  rol l  o r  pitch 

e r r o r .  

Y counter.  

This situation 

The corrections for  pitch can be made by adding to o r  subtracting f rom the 

Roll  corrections can be made by presett ing the X counter for each sweep. 

3 .3 .2 .2  Straight Line Orientation Corrections 

The compensation technique f o r  pitch and rol l  in the s t ra ight  line methods is 

s imi l a r  to the technique outlined for  the CM-1 methods. 

somewhat more complicated because of the more  complex word s t ruc tu re .  

of an adder a t  the memory  output, pitch and rol l  correct ion can be obtained by adding 

fixed numbers to the origin X and Y addres s .  

a s t ra ight  line segment begins . )  

However, the timing is 

With use 

( l tOriginl t  means the point a t  which 
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3 . 3 . 3  Updata Transmission System 

3 . 3 .  3 . 1  Modulation F o r m  

3 

The data t ransmission system may use the basic OGO FSK /AM and Command 

Data Link built for the Nimbus system. 

used to establish "zero" and "one" audio frequencies. 

yield positive sync, the basic bit ra te  is superimposed by A M  on the FSK signal. 

The composite signal is amplitude modulated on an  R F  c a r r i e r  and sent to the satel-  

l i te.  

and bit sync f rom the signal. The A P T  Cridding System should use  a separate  FSK 

demodulator f rom the command demodulator a l ready on board the satellite because: 

The binary data a r e  put in NRZ form and 

Since the NRZ fo rm does not 

In the satell i te,  an  FSK demodulator and an  envelope detector recover data 

a.  The APT Gridding bit transmission ra te  is one o r  two o r d e r s  of magnitude 

fas te r  than the command data ra te ,  and would be too fas t  for the na r row band FSK 

demodulator a l ready on board. 

modified (thus reducing the noise margin in the command link) to recover the wide 

band data t rans  mis  s ion. 

The FSK command demodulator would have to be 

b. It is desirable that existing satellite sys t ems  be modified as little as 

possible.  

3 . 3 .  3 . 2  New Commands 

F o r  Nimbus use,  "GRID DATA START" and "GRID DATA END" commands 

should be added to the Nimbus vocabulary. 

be added if i t  i s  desired to have the capability to interrupt and later to resume grid 

data t ransmission.  

subsystem the data obtained f rom the ground along with a bit synchronization pulse 

t ra in .  

p r e  -planned t imes.  

In addition, IICRID DATA HOLD' should 

The FSK APT data demodulator supplies to the APT gridding 

Word sync is contained in the data in appropriate codes and is inserted a t  

The APT gridding demodulator would be turned on and off by the new commands 

descr ibed above, via the existing command decoder. 
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3.4 ELECTRICAL AND PHYSICAL PARAMETERS 

3 . 4 . 1  Subsystem P a r a m e t e r s  

The weight and power goals for  the gridding systems were informally specified 

to be 5 pounds and 4 watts. 

but optimum designs to minimize a weighted combination of these pa rame te r s  were 

not evolved. 

The study performed h e r e  kept these limitations in mind, 

In previous sections,  the logical methods for performing the required tasks  

were outlined. 

elements required f o r  each function, the following pa rame te r s  were calculated for 

each subsystem, and a r e  shown in Tables 3-1 through 3-8 for the various system 

implementations. 

F r o m  this information and a consideration of the number of logic 

a .  Module Count 

b. Power: Average pe r  Orbit  and Peak  

c.  Weight 

d .  Volume 

e .  Cost 

f .  Reliability 

Tables 3-1 through 3- 3 show est imates  for  CM-1 type systems.  Table 3-  1 

a s s u m e s  the use of co re  t ransis tor  logic (CTL) elements ,  Table 3-2 integrated 

circui t  logic elements, and Table 3- 3 a combination of the two element types each 

used to best  advantage. Table 3-  4 is an est imate  for the s t ra ight  line (SL-2) s y s -  

tem using integrated circui t ry .  

on the designs previously described. 

The module est imates  of these four tables a r e  based 

F o r  the CM-2 system, an  extrapolation of the e s t ima tes  for  CM-1 and SL-2 

has  been performed. 

to that of SL-2 (Table 3- 4 ). 

on the assumption that the CM-2L calculation logic is approximately 2 / 3  of that needed 

for SL-2. 

The est imate  for  CM-2H is a s sumed  to be virtually identical 

The est imate  for  CM-2L shown in Table 3- 5 i s  based 

The tables include information for  two possible additions: 

a.  Numeral annotation. 

b. Analog-to-digital conversion in case the ro l l  and pitch e r r o r s  cannot be 

made available to the gridding system in digital f o r m .  
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Table 3 -  1 

Unit 

Calculation 

Sync and E r r o r  

Annotation 

Roll and Pitch 

FSK Detector,  
Demod. 

Inte r fac e s 

Memory, 100 KB 

TOTALS 

CM- 1 CTL Logic Implementation 

P e r  Unit Pa rame te r  Est imates  

Module 
Po  we r 

35 

60 

48 

43 

25 

30 

1 

242 

Peak t 
Power 

250::: 
4 2 0:::: 

5* 

1 o* 

250 

150+ 

1 oo* 

845 

Avg . 
Power I t 
Orbit  Wt(1bs. ) 

6 .63 

7 1.1 

0 . 8 9  

0 . 7 6  

10 . 4 5  

60 . 5 4  

100 3.5 

183 7 . 9  

Vol(in 3 ) 

14 

24 

20.6 

17.5 

10 

12 

. 140 

238 

7: 

7::: E r r o r  detection power drain approximately 207” of total. 

Power drains  that can occur simultaneously 

Milliwatts 
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Table 3-  2 

CM- 1 Integrated Logic Implementation 

P e r  Unit Pa rame te r  Es t imates  

Avg . 
Module Peak Power 1 

Unit Power Power Orbi t  Wt(1bs. ) 

Calculation 60 4 7 0 ::: 360 .63 

Sync and E r r o r  58 98 0:::: 17 .35  

Anno tation 53 600:: 35 . 2 9  

Roll and Pitch 34 290:: 215 . 1 9  

FSK Detector, 
Demod. 25  250 10 . 4 5  

Lnterfaces 30 150:: 60  . 5 4  

Memory, 100 KB 1 100:: 100 3 .5  

TOTALS 26 1 1510 797 5.95 

:: Power dra ins  that can occur simultaneously 

:::::: E r r o r  detection power drain approximately 20% of total. 

I 3-16 

3 
Vol(in ) 

14 

11.6 

10 

6 .3  

10 

12 

140 

205 



Table 3 -  3 

Unit 

Calculation CTL 

Sync and E r r o r  CTL 

Annotation CTL 

Roll and Pitch CTL 

FSK Detector, 
Demod. 

Interfaces 

Memory, 100 K B  

Sync (Int .)  

Annotation 

Roll  and Pitch 

CM- 1 Hybrid Logic Implementation 

P e r  Unit Pa rame te r  Est imates  

Avg . 
Module Peak Power /  

Power Power Orbi t  Wt(1bs. 

35 

17 

15 

18 

25 

40 

1 

11 

6 
20 

10 

ao 
100 

5 

3 

8 

.63  

.31  

.27  

.33  

.45 

. 7 0  

3.5 

.09 

.03 

. 1 5  

TOTALS 188 788 2 18 6.46 

3 1 Vol(in ) 

14 

6 .8  
6 
7.2 

10 

16 
140 

2.1  

4 .5  

3.8 

212 

:: Power drains  that can occur simultaneously 
+% E r r o r  detection power drain approximately 207’0 of total. 
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Table 3 - 4  

SL-2 (CM-2H) Integrated Logic Implementation 

P e r  Unit P a r a m e t e r  Es t imates  

Uni t  

Calculation 

Sync and E r r o r  

Annotation 

Roll and Pitch 

FSK Detector,  
De mod. 

Interfaces 

Memory, 25 K B  

Delay Line 

TOTALS 

Avg . 
Module Peak  Power /  
count  Power Orbi t  Wt(1bs. ) 

175 1600 1200 1.3 

58 98 0 16 .35  

60  600 38 . 3 1  

34 290 15 . 1 9  

25 250 10 .45  

30 150 60  . 5 4  

1 75 75 2.5 

1 120 84  .65 

384 2000 1500 6 .29  

3 Vol(in ) 

43 

11.6 

11 

6 .3  

10 

12 

100 

20 

2 04 
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Unit 

Calculation 

Sync and E r r o r  

Annotation 

Roll and Pitch 

FSK Detector,  

Interfaces 

Memory, 25 KB 

Core Buffer, 2 KB 

Demod. 

Table 3- 5 

CM-2L Integrated Logic Implementation 

P e r  Unit Pa rame te r  Est imates  

TOTALS 

Avg . 
Module Peak Power I 
Count Power Orbi t  Wt(1bs. ) 

120 1100 830 .90  

58 98 0 16 .35 

60 660 33 .31  

34 290 15 . 19 

25 250 10 .45  

30 150 60 .54  

1 75 75 2.50 

1 200 8 1.10 

329 2000 1047 6.34 

3 Vol(in ) 

30 

11.6 

11 

6 . 3  

10 

12 

100 

50 

230.9 
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Table 3-  6 summar izes  some of the flight system parameters  represented in 

Tables 3 - 8  through 3-12 .  

volume, and power over the actual es t imates  appears  in Table 3-6 

which often occur in translating paper designs to hardware.  

for the memory  es t imates  where it i s  assumed the vendor has  a l ready  inser ted this 

safety factor .  

A 2070 a c r o s s  the board increase  in module count, weight, 

to offset i nc reases  

An exception i s  taken 

For  these est imates  i t  was assumed: 1 )  that the f i r s t  flight system i s  to be 

delivered in 1966,  

components now in production o r  close to production states were considered in the 

pre l iminary  design leading to the estimates.  

2 )  that the system would be procured in lots of four.  Only those 

3 . 4 . 2  Module P a r a m e t e r s  

Logic modules assumed in the system es t imates  a r e  the Fairchi ld  Milliwatt 

Micrologic flat-pack and the DI/AN CTL Pico-Bit  as  discussed in Appendix D.  

Table 3 -  7 summar izes  the per-module parameters  of interest .  

The values for package weight and volume of logical modules were obtained 

f rom actual aerospace  and microminiature digital equipments built by DI/AN and 

o thers .  

the l a r g e r  CTL-LSQ module; but i t  i s  felt that a fair scaiing of pa rame te r s  has 

been performed.  

In the case  of CTL Pico-Bit  modules, most of the data were obtained on 

3 . 4 .  3 Reliability of APT On~Board  Gridding System 

Based on the module count data presented in the previous sections of this report ,  

one-year reliability f igures  and M T B F  values have been calculated. 

summary  of resu l t s .  

Table 3 - 8  is  a 
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Table 3- 7 

Per -Module P a r a m e t e r s  

Average Packaged Packaged Cost, Lots 

913 Flip-Flop 12 0.0057 0.19 $ 18.55 

912 Haif Adder 8 0.0057 0.19 10.31 

910 Dual Gate 4 0.0057 0.19 7.92 

909 Buffer 10 0.0057 0.19 9.07 

91 1 Four Input Gate 4 0.0057 0.19 7.92 

CTL-100-24-PB 7 ~ 1 0 - ~  joules 0.018 0.40 40.00 

I tem Power(mw) Wt .  (lbs. ) Vol. (in3) of 1000 

p e r  "one"shift 

Table 3- 8 
Reliability Es t imates  

Method MTBF(Hours) Reliability (1 yea r )  

CM-1, CTL 36,300 .78 

CM- 1, Integrated Ckts. 69,300 .88 
CM-1, Hybrid 50,600 .84 

SL-2, Integrated Ckts. 52,400 . 8 5  

The supporting data for Table 3 - 8  is listed in  Tables 3-  9 through 3- 12. 
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Table 3 -  9 

CM- 1, CTL Reliability Est imate  

Total 
Module Failure Rate Fa i lure  Rate 

Logic Count 0/0/1000 Hours 0/0/1000 Hours 

Pic0 Bit CTL 223 .007 1.561 
Integrated Ckt. 
F la t -Packs  67 . 001 .067 
Memory (Univac 
80, 000 Bits)  1 1. 13 1.13 

TOTAL CM-1, CTL Failure Rate = 2.758 

= 36,300 Hours 1 1 

A 2.758 x l o m 5  
MTBF = - = 

R =  .78  

Table 3 -  10  

CM- 1 Integrated Circuits Reliability Est imate  

Total 
Module Fai lure  Rate Fa i lure  Rate 

Logic Count (70/1000 Hours 0/0/1000 Hours 

Integrated Ckts. 312 . 001 .312 

Memory (Univac 
8 OK bit) 1 1.13 1. 13 

TOTAL CM- 1 Integrated Ckt. Fa i lure  Rate =l .  442 

MTBF = - 1 = 1 = 69,300 Hours 
1.442 x A 

R = .88 
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Table 3- 11 

CM- 1 Hybrid Reliability Est imate  

Total 
Module Fa i lure  Rate Fa i lure  Rate 

Logic Count yoO/1000 Hours ~ 0 / 1 0 0 0  Hours 

Pic0 Bit CTL 103 .007 .721 

Integrated Ckts. 123 . 001 .123 

Memory (Univac 
80K bits)  1 1. 13 1.13 

TOTAL CM-1 Hybrid Fa i lure  Rate = 1.974 

= 50,600 Hours 1 1 

x 1.974 x l o m 5  
MTBF=-  = 

R = .84 

Table 3 -  12 

SL-2 Integrated Ckt. Reliability Es t imate  

Total 
Module Fa i lure  Rate Fa i lure  Rate 

Logic Count ~ 0 / 1 0 0 0  Hours %/ lo00  Hours 

Integrated Ckts. 459 .001 .459 
Delay Line 1 .585 .585 

Memory (Univac 1 .86 .86 
40K bits)  

TOTAL SL-2 Integrated Ckt. Fa i lure  Rate= 1. 904 

= 52,400 Hours 1 1 

A 1 . 3 1 9 ~  
MTBFz-  = 
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SECTION 4 

COMPARISON OF APPROACHES TO ON-BOARD GRIDDING 

- 4. 1 INTRODUCTION 

r Analog approaches have eliminated f rom consideration of the digital methods, 

four approaches which show sufficient promise to warrant  a detailed comparison. 

These a r e :  

1. straight-l ine method SL-2  

2. coordinate method CM-1 

3.  coordinate method CM-2L 

4. coordinate method CM-2H 

The ground computation of the picture gr id  should not provide a limitation on 

any of the three methods although the straight-line method is certainly the eas i e s t  

to implement. 

formance and feasibility of the three systems.  

Hence, this factor can be eliminated i n  comparing the relative p e r -  

The differences in the flight-system weights a r e  small and although the 

power differences a r e  appreciable, all a r e  small ( l e s s  than 2 watts). 

The sys t em pa rame te r s  which a r e  most dependent on the par t icular  approach 

a r e :  

1. 

2. s torage requirements 

3. e r r o r  susceptibility 

appearance of the picture gr id  

4 .2  APPEARANCE OF THE PICTURE GRID 

Two character is t ics  of the superimposed gr id  line significantly affect sys t em 

With r ega rd  to the la t te r  design- m a r k  spacing and smoothness of change in  slope. 

property,  examine the appearance of the grid lines appearing i n  Figure 4-1 

(s imulated gr id  representative of the straight-line method). 

deviate a maximum of 1% f r o m  the t rue  grid line, the l a rge  slope changes between 

segments  a r e  disturbing (in the opinion of t h e  wri ter) .  

is an inc rease  in  the number of line segments. 

single o rb i t  with the SL-2  sys t em is 20,000 bits maximum for gr id  and annotation 

Although the marks  

One solution to this problem 

The s torage requirement  for a 
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Fig.  4-1  Simulated Grid SL-2 
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(assuming the more  efficient annotation scheme is employed). 

able inc rease  would bring the s torage requirement past  that of CM-2H. CM-2H has 

the additional advantage of a lower logic speed since only one bit i s  added to Y o r  X 

r z the r  than the 10 bit slope added for  SL-2. 

4-1  is judged objectionable (compared to the l ines typical of a coordinate system, 

shown in F igu res  4 -2 to 4 -  l o ) ,  the choice between SL-2 and CM-2H is certainly the 

la t ter .  

However, any r eason-  

If the appearance of the l ines in Figure 

With r e g a r d  to m a r k  spacing, a spacing of eight picture elements provides 

a very pleasing well-defined line. 

Simulated gr ids  representative of any of the coordinate sys t em approaches with a 

mesh  spacing of two picture elements appear in Figures  4 - 2  through 4-10. 

f igures,  gr id  lines a r e  simulated with mark spacings of 8 (Fig. 4-2, 4 5 ,  4-8), 

12 (Fig.  4 -3, 4- 6, 4-9), and 16 (Fig.  4 -4, 4-7, 4-10) picture elements. 

is superimposed on three different cloud pictures to provide a f i r m  basis for evalua- 

tion of a satisfactory spacing. Although the mark  spacing has no effect on the design 

of the s t ra ight  line system, i t  affects the storage requirement of the coordinate 

methods. 

doubles the s ize  of the memory. 

s ize  is approximately 3370 .  

However, a l a rge r  spacing may be adequate. 

* 
In these 

Each gr id  

A decrease in  m a r k  spacing from 16 to 8 i n  the CM-1 approach almost 

F o r  CM-2 the corresponding inc rease  in memory  

4 . 3  SUSCEPTIBILITY TO ERROR 

A n  estimate of the signal-to-noise ratio likely to be experienced in the ground 

station-to-satell i te communications channel indicates that thermal  noise will not be 

an  important factor contributing to gridding-system e r r o r s .  The more  important 

considerations a r e  operation with low SIN ra t ios  when operating nea r  antenna pat- 

t e rn  nulls and the effects of interference f r o m  other spacecraf t  o r  ground sources .  

These f ac to r s  can only be a s s e s s e d  through experience gained f rom s imi l a r  com- 

munications channels now in existence. 

If interference is judged to be a very ser ious problem, the CM-1 approach 

having the lowest e r r o r  susceptibility is probably the bes t  approach and CM-2L 

the worst .  

:: Contained in pocket attached to r e a r  cover. 
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4.4 CONCLUSIONS 

Table 4 - 1  summar izes  the storage,  weight and power requirements  for the 

four approaches along with comments on characterist ics peculiar to the individual 

approach. 

ment of CM- 1, the ability to grid multiple orbits and eventually direct-readout  

in f ra red  (DRIR) i s  impaired.  

CM-2H approaches attractive.  

the gr id-appearance requirements  and the e r r o r  probability expected in the updata 

communications channel of the satell i te.  

Although no severe weight penalty resul ts  f rom the la rge  memory requi re -  

The multi-orbit/function capability makes the SL-2 and 

However, the final choice hinges on an a s ses smen t  of 
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Fig. 4 - 3  Simulated Grid K = 12 

4 - 7  



. . , .  

. .  . .  . - .. . 

Fig .  4-4 Simulated Gr id  K = 16 
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Fig .  4-5 Simulated Grid K = 8 
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Fig. 4-6  Simulated Grid K = 12 
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Fig.  4-7 Simulated Grid K = 16 
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F i g .  4-8  Simulated Grid K = 8 
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F i g .  4-10 Simulated Grid K = 16 
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APPENDIX A 

ANTENNA PROGRAMMING 

The on-board gridding sys t em can be used to facilitate antenna programming 

at the remote receiving stations. 

stations cut off f r o m  effective communication with NASA o r  other sources  of 

orbital  information. 

trained individual to construct training programs indefinitely once he has 

available basic orbital  elements and has  succeeded in  acquiring one or  two passes ,  

the requisite talents may not be universally available. 

This can be of g r e a t  importance to mili tary 

While present  techniques pe rmi t  a resourceful and properly 

Antenna programming can be simplified by placing the sub-point t r ack  o r  an 

orbit  about 24 hours la ter  on each picture. 

1 / 2  minute intervals by grid-type marks.  

should be identified with the actual minute. 

10 dots would c r o s s  the picture. 

two o r  t h ree  sweeps to make them conspicuous. 

The t r ack  would be marked at 1 o r  

At leas t  one p e r  picture of these 

At a 1 / 2  minute interval, about 

It  might be necessary to repeat the dots over 

Determination of tomorrow's  antenna programs would then be achieved by 

placing the pictures under an overlay which would be similar to the present  gridding 

overlay with an azimuth-elevation diagram added. 

overlays stapled together to properly locate the azimuth-elevation diagram. 

operator  need only approximately match latitude -longitude gr id  lines on picture 

and overlay. 

giving tomorrow ' s programs directly . 

In practice,  this would be two 

The 

He can then read off required azimuths and elevations against  time, 

Accuracy is completely adequate f o r  all cu r ren t  and contemplated APT 

antennas. 

height, some elevation angle e r r o r  is possible. 

of the station, where it is most important because of its relation to azimuth slewing. 

Because the overlay height does not correspond exactly to satell i te 

I t  goes to zero in the vicinity 

The  addition of this antenna programming feature would vastly simplify 

ground operations under field conditions. 
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